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Purpose: The study was performed to evaluate the performance of digital fixed-mounted angiographic C-arm systems in
the operating room as used by surgeons, cardiologists, and interventional radiologists.
Methods: An observational study in the operating room was performed, along with a structured questionnaire and
semi-structured interviews. Twenty interventions were observed at 5 sites. Workflow was analyzed.
Results: Integration of high-end angiographic imaging equipment in the operating room enables image-guided surgery
with high-quality images, on-table quality assessment of surgical procedures, and “one-stop shopping” procedures.
Integrated suites were run by surgery as well as radiology departments, and are used for a variety of procedures, including
vascular, cardiothoracic, open surgical, percutaneous, and combined procedures. Operation of the angiographic system
and its user interface design were not considered ideal for operating room use. Limited patient accessibility was observed,
sometimes leading to uncomfortable positions for the operating physicians. Certain procedures, such as tibial artery
surgery, were difficult to perform, owing to lack of accessories. Patient transfer was considered inadequate. Cleaning of
the system was rated as poor. Operating room use puts an even higher demand on reliability of the system.
Conclusion: Integration of digital angiographic systems into operating rooms has produced opportunities for new
treatments and offers a superior solution for interdisciplinary work among surgeons, cardiologists, and radiologists.
However, the context of use differs radically from that in the traditional radiologic examination room; the environment,
users, and procedures are all different. Integration of imaging methods into the operating room can be more successful
if special operating room conditions are taken into account by medical systems manufacturers. (J Vasc Surg 2004;40:
494-9.)Angiographic systems are traditionally used for radio-
logic diagnosis or radiologic intervention in the radiology
or cardiology examination room. With the increasing num-
ber of combined procedures, in which surgery and radiol-
ogy can be integrated, and with the increasing need for
image-guided surgery, there has been an increasing de-
mand for more flexible rooms in which both surgery and
advanced digital imaging and interventions can be per-
formed. This need is particularly evident in stent-graft
procedures.1,2
Integration of high-end digital angiographic imaging
equipment in the operating room offers several advantag-
es.3-5 It enables image-guided surgery with high-resolution
and high-quality images. It enables on-table quality assess-
ment of a surgical procedure by means of angiography.
Suboptimal results or complications of endovascular proce-
dures may be treated with immediate open surgery. Arteries
or grafts can be surgically exposed. It enables “one-stop
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doi:10.1016/j.jvs.2004.06.005494shopping” procedures by eliminating the need for preop-
erative angiography in the radiology suite. It allows flexible
scheduling and efficient use of the room and of manpower
(eg, open surgical, mixed, and percutaneous cases can all be
scheduled in the same room).
With the advent of combined open surgical, endo-
scopic, and catheter procedures the use of angiographic
systems has changed, as has its users. Angiographic systems
are now also being used in operating rooms in addition to
the traditional radiology or catherization suites.3,6-9 User
needs and desires have changed as a result.
This study was performed to gain insight into current
performance of the floor-mounted angiographic system,
Angiostar PLUS OR (Siemens, Forchheim, Germany), and
the ceiling-mounted Multistar PLUS OR (Siemens) in the
operating room environment with regard to user friendli-
ness, ergonomics, and user expectations. Central focus was
on future interaction between surgery and interventional
radiology. Centers where this interaction is being used to
expand the use of angiography in advanced surgical settings
were included in the study. For standard interventional
radiology there might be less use of the integrated operat-
ing room.
MATERIAL AND METHODS
Twenty interventions, ranging from endovascular
treatments such as stent-grafting procedures of thoracoab-
dominal aortic aneurysms to open vascular surgical proce-
dures, cardiac surgery, and surgical procedures on the arm
and hand, were observed at 5 different sites. The Interven-
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functioned as the pilot center, and later as the reference
center.
Participating centers were selected from so-called lead
users, as defined by Cehra,10 that is, users with a passionate
interest in a given product whose attitudes and behavior
consequently change ahead of the general trend. Studying
lead users is based on the key philosophy that the “the
future exists in the present.” This future may be found by
interviewing users with an active interest in a particular
product field. Dissatisfied with current solutions, they may
be the first to identify previously unarticulated needs and
new user populations. Participating centers included the
Interventional Centre, Rikshospitalet University Hospital,
Oslo, Norway; the Department of Vascular Surgery, Aker
University Hospital, Oslo, Norway; The Department of
Diagnostic Radiology, Malmo¨ University Hospital,
Malmo¨, Sweden; the Center for Advanced Medicine, Chi-
cago University Hospitals, Chicago, Ill; and the Vascular
Center, Mission Hospitals, Asheville, NC.
All participating centers had an “integrated suite,” de-
fined as an operating room with high-end digital fluoro-
scopic imaging equipment, a combined angiography and
operating room table, and the necessary guide wires and
catheters.
All centers used the floor-mounted angiographic sys-
tem, Angiostar PLUS OR (Siemens), except one, in which
the ceiling-mounted Multistar PLUS OR (Siemens) was
used. For use of an angiographic C-arm system a radiolu-
cent tabletop was required. At all centers the angiographic
systems were used in combination with the table Koordinat
PLUS OR (Siemens), which is specially designed to meet
operating room requirements. The Koordinat PLUS OR
provides two modes of use, a “floating” function used in
combination with angiographic imaging, and a tilt tabletop
for use in surgery.
Observational study in the operating room was per-
formed, along with a structured questionnaire and a semi-
structured interview with the department heads.11
Observational study. Users were observed while they
carried out activities as usual (working environment). In-
formation on how the systems were used and difficulties
that arose was recorded. The observations were recorded
with field notes and handheld photograph and video cam-
eras. An observation form was developed for taking field
notes. The users commented freely on their work regarding
use of the system and “product weaknesses” as they per-
ceived them during the intervention. In addition, questions
to the staff were asked when something was unclear.
Analogous to Merriam’s observational checklist,12 a
checklist was used as a guide to structure the observations.
The checklist contained the following items: setting, that is,
the operating room layout; structured sequence and dura-
tion of individual workflow parts; participants, that is, who
is in the setting, how many persons, and their roles; posture
of staff directly working at the table; type of perceived
product malfunction; means of patient transfer from oper-
ating room table to hospital bed or stretcher; patient andtable positioning; control of table and system in the oper-
ating room; and cleaning of angiographic systems in inte-
grated suites.
To gain acceptance and cooperation, a day of introduc-
tion was spent at the participating clinics before the obser-
vations were performed. Some time was spent beforehand
with the persons to be observed, to acclimate them to the
observer and the idea of being watched.
Structured questionnaire. Twenty-six operating room
staff members, with specialties in surgery, radiology, or anes-
thesiology, completed a structured questionnaire. The ques-
tionnaire contained questions relating to procedures carried
out in integrated suites; functioning of angiographic systems
in the operating room, that is, user requirements for systems
used in the operating room; and preferred and future imaging
method for interventions.
Interviews. In-depth semi-structured interviews were
performed with the 5 heads of departments, because they
were expected to think from a strategic point of view. The
interviews covered the same topics and questions as the
questionnaire, and followed the same sequence. However,
the questions were open-ended, and answers were written
verbatim. The respondent had the possibility to give full
responses and to clarify any ambiguities or motivate
answers.
Data analysis. After each observational period field
notes were transcribed fully. For each clinic observation
field notes and photo and video recordings were assembled
in a chronologic multimedia record of the attended inter-
ventions. The responses of the questionnaire were sorted
and analyzed. Comments and answers from the interviews
were cross-linked with the results from the questionnaire. A
summary of the answers was then compiled.
RESULTS
Organization. In the integrated suites several medical
disciplines worked together. Surgical departments ran 3 of
the 5 integrated suites, 1 center was fully multidisciplinary
(surgeons and radiologists worked), and 1 integrated suite
was run entirely by the radiology department of the
hospital.
In the integrated suites the following situations were
observed during combined procedures: surgeons or radiol-
ogists operating the angiographic system and doing the
intervention or operation by themselves, surgeons or radi-
ologists assisted by a radiology technician, surgeons and
radiologists working together, and surgeons and radiolo-
gists working together with assistance of a radiology tech-
nician operating the angiographic system.
In the centers in which vascular surgeons were working
without radiology personnel or with a radiology technician
only they stated that they had sufficient technical ability and
knowledge to use angiographic systems. Cost issues were
mentioned by surgeons as the main reason not to work with
radiologists or radiology technicians.
Workflow. Workflow phases are shown in Table I.
Workflow times are shown in Fig 1.
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es. All participating centers performed endovascular pro-
cedures in their integrated suites. In addition to endovas-
cular procedures, integrated operating rooms were also
used for open surgical and combined procedures. The types
of procedures performed in integrated suites by the partic-
ipating centers are shown in Table II.
Participants stated that integrated operating rooms
were being used to an increasing degree for surgical proce-
dures when intraoperative angiographic control was
needed, for hybrid procedures between open vascular and
endovascular procedures, and for hybrid procedures be-
tween endovascular and (endoscopic) cardiac surgery.
Operation of angiographic system. In operating an
angiographic system in the operating room, two modes
could be identified. Operation during image acquisition
(floating tabletop) and operation during other activities,
such as preparation, administration of anesthesia, and sur-
gery (tilt tabletop).
Operation during image acquisition (floating table-
top). The variety of organization in the combined suite, as
described earlier, was reflected in the way the angiographic
systems was operated during the image acquisition or flu-
oroscopy part of the intervention (Fig 2). Physicians com-
plained about the location of the control consoles attached
to the table, because they needed the space for their scrub
nurses and surgical equipment. Others complained about
Fig 1. Workflow times: minimal recorded time (inner circle),
median and maximum recorded times (outer circle). Actual inter-
vention took less than half the time the room was occupied. This
ratio was constant between minimum, maximum, and median
recorded times.the readability of touch screens, while some believed that
voice-operated systems could be a solution to free their
hands and legs (some parts of the system can be operated
with foot controls). Radiologists and vascular surgeons
often complained about the force that was needed to move
the tabletop, because they had to do it with 1 hand only.
During several observations the radiologist or surgeon used
the lower part of the body to start moving the table or
patient. Sixteen of 26 respondents said the power needed to
move the table was too great.
Operation during other activities (tilt table-
top). The C-arm was mostly parked at a distance away
from the table when not in use (parking position). The
table provided Trendelenburg and lateral tilted positions.
Via control consoles attached to the rails of the table or a
wired remote control these positions were controlled. In
case of surgical intervention, the surgeons did not operate
the table controls directly, but directed the non-sterile
operating room staff when a position change was needed.
The cable connecting the table to the wired remote control
was too short to be used from the head end position, as the
cable was often stretched to the maximum. In several of the
sites these wires were damaged. Wires in the operating
room led to extra clutter. Staff often remarked that “wire-
less” solutions for remote controls were preferable.
Intuitiveness and user friendliness. The users clearly
had varying degrees of training and experience in using the
system, and some considered the operation of the system
difficult. It was observed that staff who had received formal
training and who used the system regularly had a more
positive opinion of the system.
Accessibility and posture. Compared with regular
operating room tables, the combination angiography–
operating room tables were broader, especially in the mid-
dle and at the foot end. Because the C-arm could be
swivelled away, there was access to the patient all around
the table. However, because of the broadness of the foot
end, surgeons in this area had to work in uncomfortable
positions, with neck flexion greater than 20 degrees, trunk
flexion 20 to 60 degrees, and often with the back bent, as
was recorded by video. Thirteen of 26 respondents stated
that the lower extremities were insufficiently accessible.
The C-arm with the image intensifier (diameter, 16 inches
[406.4 mm]) and x-ray tube was considered too big,
thereby also limiting access to the patient.
Accessories. Three of 5 clinics performed procedures
on the arm. However, the system lacked a stable translucent
arm table. Arm tables that were used did not fulfill the
surgeons’ needs, inasmuch as they were either not translu-
cent or not stable enough for surgical procedures. To
improve stability and reduce movement in translucent ac-
cessories, the staff improvised by placing a stool underneath
the arm table. However, the improvisation made height
adjustment cumbersome and limited the C-arm access.
Patient transfer. Respondents pointed out that pre-
operative and postoperative patient transfer was far from
ideal. Before and after operation or intervention the patient
was transferred from an operating room stretcher or regular
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patients were able to get on the operating table themselves,
but some had to be transferred by the staff. The staff always
performed postoperative patient transfer, involving 4 to 6
members of the staff and a low friction sliding board.
According to the respondents at several hospitals, a patient
transport stretcher with changeable tabletop system for the
combination table would improve workflow and decrease
the workload.
Cleaning. With the introduction of angiographic sys-
tems into operating rooms, cleaning has become a more
important aspect. Even though covers for protection
against blood were used, the system was not always fully
protected against blood. The system was especially difficult
to clean at gaps, places where 2 plastic edges came together
or where movable parts were involved.
Table I. Various workflow phases
Phase Activity
Pre-preparation Room preparation, bringing i
equipment, positioning of e
setting up of sterile carts
Patient transfer Preoperative patient transfer f
stretcher or hospital bed to
Patient preparation and anesthesia Washing and shaving of patie
set up, anesthesia
Intervention Actual surgical, radiologic, or
procedure
Patient transfer Postoperative patient transfer
table to hospital bed or war
Cleaning Cleaning of room and system
Fig 2. Overview system operation. The following arran
technician, who controlled the system from behind th
radiologist or surgeon operating the table and system alo
and a radiologist controlling the table and system alone w
(Situation 3).Reliability. At all sites some dysfunction or perceived
dysfunction occurred during 1 or more of the observed
procedures. Most common dysfunctions were lockup of the
table or system, or unexplained spontaneous actions by the
system. The staff remarked that there was a lack of indica-
tion when the table or system did not function as they
expected. Being unable to solve problems (trouble shoot)
increased the sense that the system was unreliable. Accord-
ing to the interviewed physicians, reliability of fixed angio-
graphic systems for operating room use should be among
the highest priorities.
Imaging method. All physicians (4 surgeons, 5 radi-
ologists) considered x-radiography or angiography the op-
timal imaging technique for the interventions they per-
formed. However, disadvantages mentioned were radiation
exposure of staff and patient, 1-plane imaging, invasiveness,
No. of
personnel Personnel involved
ra necessary
ment,
1–3 Operating room nurses, anesthesia nurses,
radiology technicians
ard
ating table
3–5 Operating room nurses, anesthesia nurses
rile covers 3–6 Operating room nurses, anesthesia nurses,
anesthesiologists
ined 4–9 Surgeons, radiologists, radiology
technicians, anesthesia nurses,
anesthesiologist, operating room nurses
operating
tcher
3–5 Operating room nurses, anesthesia nurses
2–4 Cleaning personnel or operating room
nurses
nts were observed: a vascular surgeon, together with a
le with a stand-alone control console (Situation 1); a
ith control consoles attached to the table (Situation 2);
stand-alone control console positioned behind his backn ext
quip
rom w
oper
nt, ste
comb
from
d stregeme
e tab
ne w
ith a
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thought that developments in magnetic resonance imaging
and ultrasound scanning would replace x-ray angiography
in the future in the interventional workplace.
DISCUSSION
The design of products and their features is based on
user needs.13 Those needs are, at least in part, determined
by the conditions in which users live and in which the
products are used. Users and conditions change, and users
“adapt” by adjusting their needs to new conditional de-
mands. Hekkert and colleagues13,14 described these “con-
ditions” as referring to all kinds of factors, including social,
cultural, technologic, social, and environmental. With the
introduction of angiographic systems in the operating
room and the emergence of integrated suites, these condi-
tions, or so-called context, have changed dramatically for
angiographic systems.
Users. While use and operation of angiographic sys-
tems in the radiology room is limited to trained radiologists
and radiograph technologists familiar with this type of
system, in the operating room these systems are operated
by a variety of users. Radiologists, radiograph technicians,
residents, cardiologists, and surgeons all operated the an-
giographic systems during the procedures observed in this
study. Operating room staff often works in several operat-
Table II. Type of procedures performed in integrated
suites at participating centers*
Procedure
No. of centers
that performed
procedure in
integrated
suite
Vascular
Stent grafting of thoracoabdominal
aortic aneurysm
5
Stent grafting of thoracic aortic
aneurysm
5
Stent grafting of abdominal
aortic aneurysm
5
Angioplasty 5
Angiography 5
Embolization 3
Carotid endarterectomy 4
Open vascular surgery 3
Combined open and endovascular
surgery
4
Cardiac
Cardiothoracic surgery† 2
Percutaneous closure of atrial or
ventricular septal defect
3
Other
Biliary intervention 3
Percutaneous transhepatic
cholangiography
1
Hand surgery 3
Venous stenting 2
*Which procedures are being carried out in the integrated suite in your clinic
or department?
†Cardiovascular surgery.ing rooms with different types of equipment. These new
users have a higher demand for user friendliness, intuitive-
ness, and ease of use of the system.
Procedures. A wide variety of procedures can be per-
formed in integrated suites, and a high degree of flexibility
in planning and performing procedures is offered. All cen-
ters performed diagnostic (preoperative, intraoperative,
postoperative), endovascular, open surgical, and combined
procedures. Although workflow times showed great varia-
tion, the surgical procedures lasted much longer than rou-
tine radiologic procedures. The changes in conditions re-
garding the procedures in which angiographic systems are
used have led to a range of new (latent) user needs. We
observed a large variety in the way the system was operated,
and in some cases the operation was disadvantageous from
an ergonomic viewpoint. Surgeons and interventional radi-
ologists often multitask between operation of the system
and patient treatment, and the current solutions for inter-
action and operation of the system are far from ideal. New
ways of interaction based on this “new context” should be
studied.
Surgical access to body parts has placed higher de-
mands on accessibility to the patient. This was especially
notable in the middle and lower body parts, where the
combination tables are the widest. The change in duration
of entire procedures or in parts of procedures has led to
greater ergonomic needs. The width of the combination
tables at the patient’s feet is a major hindrance to proper
posture. Although a change in procedures must have been
expected by the manufacturers, certain types of procedures
were not at all anticipated, such as tibial artery surgery and
complex upper extremity surgery (vascular access, hand
reconstruction). We found that upper extremity surgical
procedures were performed in 3 of the 5 visited sites,
although an acceptable extension for performing such op-
erations was nonexistent and the operations were per-
formed with poor functioning accessories. Use of patient
stretchers similar to those used in regular operating rooms
would improve workflow, because a substantial amount of
time in the operating room is now used for patient prepa-
ration and anesthesia induction, which could be performed
in preparation rooms. A great variety of procedures were
performed in the combined suites we studied. Some were
urgent, many involved the head or feet, and in some
procedures there were unanticipated, critical junctures in
which proper functioning of the radiologic systems was of
paramount importance. Total reliability of the system has
become much more important, and was stressed by several
physicians. After surgical procedures the operating room is
always considered “contaminated,” and therefore routine
cleaning should be easy. This is a challenge with radiologic
equipment used in the operating room setting.
Environment. The operating room environment dif-
fers radically from the traditional radiology suite in many
ways. In the operating room various electronic systems and
a number of monitors are in concomitant use and must
interact, such as electrocautery devices, infusion pumps,
heart-lung machines, suction devices, laser devices, ultra-
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racks, and endoscopy racks. The number of staff required in
the room is much greater than in the radiology suite; the
room easily becomes crowded, and the risk for accidents
increases. In such an environment where people and equip-
ment are moved around during the procedure, cables lying
on the floor are a nuisance and a safety hazard. In such
crowded environments the size of the radiologic systems is
critical.
Technology. Since the introduction of angiographic
systems in the operating room in the mid-1990s, technol-
ogy has advanced. Mobile and wireless devices have be-
come commonplace. This has influenced the expectations
users have from dedicated high-end systems. Solutions for
wireless signal transfer and battery-powered solutions for
remote controls and displays were often requested. Clearly,
physicians have high hopes of technologic advance regard-
ing imaging in the surgical suite. Although angiography
and x-radiography was at the moment seen as the optimal
image technique, some hoped and expected that interven-
tional workplaces would be equipped with noninvasive
image methods such as magnetic resonance imaging or
ultrasound scanning. However, one can expect that the
integration of other imaging methods in operating rooms
will present challenges similar to those described.
CONCLUSIONS
Integration of universal digital angiographic systems*
in operating rooms has offered opportunities for new,
creative, and sometimes unanticipated patient treatment.
Integration of the operating room and angiography sys-
tems in the same physical location offers a superior solution
for interdisciplinary work among surgeons, cardiologists,
and radiologists, thereby minimally compromising their
individual needs. However, introduction of imaging meth-
ods such as digital angiography into the operating room
could be more successful if the special operating room
context is taken into account by medical manufacturers.
The context of use differs radically from that in the radiol-
ogy examination room with respect to environment, users,
and procedures. We found that this change in context led to
a substantial number of modified user needs. The change in
users, combined with the multitasking nature of concurrent
operation of the imaging system and patient treatment,
demands novel, intuitive, multimodal, and adaptable inter-
action design. The nature of procedures in the operating
room puts an even higher demand on systems to provide
high reliability and robustness. Insight into procedures that
are performed in integrated suites should lead to better
* This study evaluated the performance of fixed digital angiographic systems
in the operating room. Mobile C-arms were not seen as an alternative to
fixed imaging systems by any of the participating centers, because of
inferior image quality. Other disadvantages mentioned were that they are
too bothersome to use and it is more difficult to obtain images from all
angles. Maybe semi-mobile C-arms, such as the new AXIOM Artis U
(Siemens), which has the power (65 kW/ 80 kW), strength, and image
quality of a fixed unit with the footprint and flexibility of a mobile C-arm,
will enable new opportunities for those who cannot justify installation of
a fixed system in their operating room.patient accessibility, better ergonomics, and better fitting
accessories for future systems. Operating room workflow
can be more efficient if operating room needs, such as ease
of cleaning and patient transfer are better taken into ac-
count when designing these systems. Product development
aimed at integrating imaging procedures in the operating
room should work on new solutions based on the “modi-
fied” needs described in this article.
Academic collaboration between the disciplines that
most utilize angiographic techniques and their industry
counterparts can rapidly improve the delivery of advanced
care to patients. Rigorous evaluation of the “context” in
which the equipment is used and critical evaluation can lead
to these advances.
We thank the operating room staff of the participating
centers for their cooperation and practical support.
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